Effect of an Enriched Level of CO? on Flowering and Fruiting of the Pecan by Hanna, J. Dan
THE EFFECT OF AN ENRICHED LEVEL OF co2 ON 
FLOWERING AND FRUITING OF THE PECAN 
By 
J. DAN HANNA 
'-1 
Bachelor of Science 
·Oklahoma State University 
Stillwater, Oklahoma 
1966 
Submitted to the faculty of the Graduate College 
of the Oklahoma State University 
in partial fulfillment of the requirements 
for the degree of 
MASTER OF SCIENCE 
July, 1967 
THE EFFECT OF AN ENRICHED LEVEL OF CO ON 
FLOWERING AND FRUITING OF THE PECAN 
Thesis Approved: 
I 
qe9of ~Hege 
558793 
ii 
OKLAHOMA 
STATE UNIVERSITY 
LIBRARY 
JAN lO 1968 
ACKNOWLEDGMENTS 
The author wishes to express his sincere thanks and. appreciation 
to all who assisted, advised, or otherwise aided in the completion of 
this research and thesis. 
Indebtedness is especially expressed to Professor Herman A. 
Hinrichs for his personal interest and constant,. willing .and unselfish 
guidance throughout the course of this study. 
Indebtedness is also expressed to Professor W. R. Kays, Head, 
Department of Horticulture for his genuine encouragement and thoughtful 
cooperation and assistance in preparing this manuscript. 
Acknowledgment is due Harold Davis, Superintendent, Pecan Research 
Experiment Station, for his assistance in setting up the experiments 
and collecting data. 
Sincere thanks and gratitude is expressed to my wife, Marie, for 
her encouragement, assistance and patience during the entire study. 
iii 
TABLE OF· CONTENTS 
Chapter 
I. INTRODUCTION. 
II. REVIEW OF LITERATURE •• 
III. METHODS AND MATERIALS • 
IV. EXPERIMENTAL RESULTS •• 
Growth Response •••••••••• 
Flower Response. • • •••• 
Nut Quality Response •• 
V. DISCUSSION AND CONCLUSIONS. 
VI. SUMMARY ••••• 
SELECTED BIBLIOGRAPHY. 
iv 
Page 
1 
3 
12 
17 
21 
21 
25 
32 
36 
38 
Table 
I. 
II. 
III. 
IV. 
V. 
VI. 
VII. 
VIII. 
LIST OF TABLES 
A Comparison of the Minimum and Maximum Temperatures 
Inside Each Enclosure and of the·Outside Air During 
· Five Periods of CO2 Enrichment at the Pecan. Research 
Experi.ment Station, Sparks, Oklahoma in 1966 •• 
A Comparison of the Effects of CO2 Enrichment of 
Stuart Pecan Trees at·Five·Periods of the Growing 
Season on Current Shoot Length. • • • • • • • • • • • 
A Comparison of the Effects of • CO2 Enrichment of 
Stuart Pecan Trees at Five Periods of the Growi.ng 
Season on the Average Diamete·r of Cur.rent Season 
Growth /JI o • ,.. • • o /JI • • a • a 0 • • o 0 
A Comparison of the Effects of CO2 Enrichme.nt of 
Stuart Pecan Trees at Five Periods of the Growing 
Season .on the Average Number of Terminal Area Shoots 
Forced the Following Year . • • • • • • . • 
A Comparison of the Effects of CO2 Enrichment of 
Stuart Pecan Trees at Five Periods of the Growing 
Season on the Percent of 1966 Shoots Producing 
Pistillate Flowers in 1967 ••••••••• 
A Comparison of the Effects of CO2 Enrichment of 
Stuart Pecan Trees at Five Periods of the Growing 
Season on the Percent of New Shoots Producing 
Pistillate Flowers in 1967. • • • • • • •• 
A Comparison of the Effects of CO2 Enrichment of 
Stuart Pecan Trees at Five Periods of the Growing 
Season on the Average Number of Catkins per Shoot 
on April 18, 1967 . • • . . • . • • • • . • • .••• 
A Comparison of the Effects of CO2 Enrichment of 
Stuart Pecan Trees at Five'Periods of the Growing 
Season on the Nut Quality of the Current Crop •• 
V 
Page 
22 
22 
23 
23 
24 
24 
29 
31 
LIST OF FIGURES 
Figure Page. 
1. View of Plastic Structure in Place Around the Tree. • o e o • 14 
2 •. View of co 2 Distribution Equipment. • • • • • • • • 14 
3. Variation in Hourly CO2 Concentrations Inside. the Canopies 
of the Two Trees i.n Treatment 1 on June 8, 1966 • • • • • • 18 
4. Variation in Hourly COz Concentrations Inside the Canopies 
of the Two Trees in Treatment 2 on July 3, 1966 • • • • • • 18 
5. Variation in Hourly COz Concentrations Inside the Canopies 
of the Two Trees in Treatment 3 on August 4, 1966 • • • • • 19 
6. Variation in Hourly CO2 Conce.ntrations Inside the Canopies 
of the Two Trees in Treatment t:~ on. September 3, 1.966. • • • 19 
7. Variation in Hourly CO2 Concentrations Inside the Canopies 
of the Two Trees in Treatment 5 on October 4)) 1966. • • • • 20 
8. The Effect of Normal and Supplemental Levels of co 2 Applied 
May 30 to June 9)) 1966 on Catkin Emergence of 6 Year Old 
Stuart Pecan Trees ••••••••• 
9. The Effect of Normal and Supplemental Levels of COz Applied 
June 30 to July 9~ 1966 on Catkin·Emergence of 6 Year Old 
26 
. Stuart Pecan Trees. • • • • • • • • • • • • • • •••• 26 
10. The Effect of Nqrmal and Supplemental Levels of co 2 Applied 
August 3-12, 1966 on Catkin Emergence of 6 Year Old Stuart 
Pecan Trees ooooooeooooooeaooooeo 
11. The Effect of Normal and Supplemental Levels of CO2 Applied 
August 30 to September 8, 1966 on Catkin Emergence of 6 
27 
Year Old Stuart Pecan Trees • • • • • • • • • · • • • • • 27 
12. Tlhe Effect of Normal and Supplemental Levels of co 2 Applied 
September 30 to October 9)) 1966 on Catkin Emergence of 6 
Year ·01.d Stuart Pecan Trees ••••••••••••• ." • • 28 
vi 
CHAPTER.I 
INTRODUCTION 
In the United.States~ edible nuts tisually rank seventh in value 
among all evergreen and deciduous fruit crops, exceeded only by citrus, 
apple, grape, peach, pear and strawberry (4). The pecan is by far the 
most valuable of the edi.ble nuts. · During the ten year period from 1956 
to 1965, total farm value of pecans produced in the. Uni.ted States varied 
from a low of $.32,000,000 to a high of $67,000,000 (30). 
The pecan industry has not developed, however, to its full poten-
tial, due particularly to the erratic bearing habit of the pecan tree. 
During the ten years, 1956 to 1965, fluctuation in pecan production has 
ranged from 70,800,000 pounds to 251,100,000 pounds (30). 
Profits from the pecan orchard are dependent on the production of 
consistently good crops of high quality. While there are a number of 
factors which adversely affect pecan yields, probably the two more im-
portant causes are (a) low vigor of the trees, and (b) early defoliation 
of the trees (27). Both of these factors may be related to photosyn-
thesis. 
Many studies have pointed to the apparent relationship between 
vigor and fruiting of individual shoots. Moderately vigorous vegetative 
growth has been shown to be essential for maximum fruitfulness (5, 9, 
13, 15, 18, 27, 29). 
1 
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It is generally reco~nized that the leaves of a pecan tree synthe-
size all or nearly all of the. primary carbohydrate material from which 
the more complex carbohydrates and proteins ,;1.re formed. 
Hinrichs (15) has shown that early defoliation prevented pistillate 
flower bud initiation and greatly affected the number of catkin buds 
initiated. Since carbon dioxide assimilation during photosynthesis is 
the major source of carbon for carbohydrate synthesis in higher plants, 
it might be expected that co 2 enrichment would increase total photosyn-
thate and consequent flower bud ini.ti.ation and development.. This effect 
has been shown for a variety of flowering plants. The work. herein re~ 
ported was undertaken to determine the role of co 2 enrichment in the 
initiation and subsequent flowering of the pee.an. 
The objectives of this study are: 
(a) to determine the effect of co2 enrichment on the number of 
pecan pistillate and catkin flowers, 
(b) to determine the effect of 00 2 enrichment on current shoot 
growth of the pecan, and 
(c) to determine the optimum period for CO 2 enrichment in relation 
to flower formation in pecans. 
CHAPTER II 
REVIEW OF LITERATURE 
Problems associated with the formation of pistillate flowers i the 
setting, sizing, filling and maturing of the nuts are of major concern 
to pecan growers (9). Since pistillate flower formation must precede 
all other crop production and crop maturing problems, it is necessarily 
of foremost importance. 
In all plants important changes take place as the life cycle pro-
gresses. The pecan, (Car::t.e illinoinsis K. Koch), grows and comes into 
bearing slowly. Most varieties under good management require four to 
seven years to begin bearing and seven to twelve years to produce com-
mercial crops (4). In 1930, Crane (5) of the United States Pecan Field 
Stati.on, Albany, Georgi.a, found that the heaviest annual crops were 
produced when the trees were in their early "teens" and before they had 
attained considerable size. Production tended to decline thereafter. 
Crane also found that some orchards over a period of ti.me showed a 
decline in production, others a production which was fairly stationary 
with possibly a tendency toward biennial production and still other 
orchards showed a consistent increase in the production of nuts. 
Irregular bearing has long been a problem with pecans. Trees 
usually bear every other year, but in some instances bearing.is ex-
tre.rnely erratic, i.e. less than biennial (15). Gourley and Howlett (14) 
reported that Sachs, who was one of the first to concern himself with 
3 
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the problem of determining the causal agent or agents of flower- bud dif-
ferentiation, concluded that flower formation was the result of a 
uflower forming substance developed by the leaves which diffused to the 
buds in the leaf axils and there induced flower formation," 
Klebs I in the review of Gourley and Howlett (14), concluded that 
the supply of available nutrients, particularly nitrogen, and light in-
tensity as it affects the production of carbohydrates, were the con-
t:rolling factors in determining whether the plant would remain vegeta-
ti.ve or form flowerr,,. 
In 1905, Fischer., as reported by Gourley and Howlett ( 14), after 
studying the effects of co 2 upon growth and flowering, concluded that 
when the supply of carbohydrates was relatively high in proportion to 
available nitrogen flowers were differentiated. In 191.6, Fischer went 
so far as to place the question of flower formation on the basis of a 
definite~ between carbohydrates and nitrogen, 
Kraus: and Kraybill (19) 9 working with the specific problem of 
fruit setting in tomato, classified plants in four groups based on dif-
ferences in the relative nitrogen and carbohydrate content of the 
plants. These classes are primarily of value in presenting the rela-
tionships between nitrogen and carbohydrates in the plant O and its re-
sponse to fruiting. Gourley and Howlett (14). further adapted the use 
of these classes to flowering and fruiting of the apple. 
Sitton (27) observed that production of pecans is very closely 
associated with vigor O and equated vigor and pecan production with 
shoot length. Gossard (13) suggested that the best growth range for a 
pecan tree would provide sufficient vigor to annually produce eight-
inch terminal shoots. These should be capable of producing pistillate 
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flowers in the current year and blossoming shoots the following year. 
Isbell (18) concluded that the diameter of shoots and number and quality 
of leaves should also be indicative traits regarding production. Crane 
(.5) found a large variation in shoot growth rate and amount of shoot 
growth occurring on the same tree~ with shoot length generally de-
creasing as tree age increased. Isbell (18) in 1928, and Ambling (1) 
in 19.51 reported that within each variety there appears to be an opti.mum 
shoot length range for optimum fruit production. Ambling al.so found, 
with the exception of the Stuart variety, that .50% of the non-productive 
shoots fell within the productive shoot length range of each variety. 
Taylor ( 29) found in Oklahoma that Stuart fruited best over a relatively 
short range of shoot lengths, and that 33% of the non-·frui.ting shoots 
occurred within the fruiting.range. From these observations, it would 
appear that factors other than shoot length are indicative of and re-
sponsible for production. 
Smith and Waugh (28) found that in a year when .no nut crop was 
produced and vegetative growth was limited by drouth, starch content of 
pecan roots was at a very high level. The following year, intensive 
spring growth and blossoming of the trees occurred, with a concurrent 
depletion of starch content. . With the heavy nut set which occurred, 
starch content did not increase during the surmner and fall. The nut 
crop the :following year was very light. Davis (7), working with sugar 
prune~ encountered similar results, and concluded that storage carbo-· 
hydrates may be essential for fruit-bud differentiation or thai other 
factors may cause fruit-bud differentiation because of their relation-
ships to the storage carbohydrates. 
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Finch (9) pointed out that there appeared to be rather wide differ-
ences in the relative speed or rate of the disappearance of starch in 
the previous years wood which are associated with the growth of the 
different types of shoots the current season. In fruiting shoots, 
starch was remarkably less abundant than in non-fruiting shoots. 
Crane (5) emphasized the importance of the leaf area of the indi-
vidual shoot and its relation to the ability of the shoot to produce 
pistillate flowers. Food materials synthesized by the leaves were pro-
portional to their size, structure and ability to function photosyn-
thetically which in turn is closely related to vigor of the shoot. It 
is the leaves which influence in. a large measure the thickening in 
diameter of the shoots, the. accumulation. of elaborated food materials 
which initiate fruit bud formation and the total yield.and size of the 
nuts. 
The removal of a leaf subtending a bud usually prevents the differ-
entiation of pistillate flowers in that bud, even though leaves were 
present at adjacent nodes (22). Hinrichs (15} found that defoliation 
on August 15, September 1 and September 15, 1957, prevented pistillate 
flowers from developing. . About 20% of a normal set of pistillate 
flowers developed when the leaves were removed on October 1, while a 
normal flower set occurred following the October 15 defoliation. Crane 
(5) and Sit.ton (27) obtained similar results. Dodge (8) concluded that 
most trees had an insufficient ratio of leaves per nut to properly fill 
the nuts and at the same time provide sufficient plant food to initiate 
pistillate flowers the following year. 
The initiation. of pistillate flowers occurs only if the nutritional 
conditions in the bud are favorable in the early spring when growth 
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starts (27). The growth of new shoots and leaves and the initiation 
and early deve.lopment of pistillate flowers is accomplished from food 
materials stored from the previous growing season. Apparently, the 
period of September and October is the time during which storage of 
food materials must be made for the initiation of pistillate flowers 
the following $eason. It is also during this time that development and 
filling of the kernels occurs. The.se processes require large amounts 
of food :materials s and demands of the developing kernel are supplied 
before there is appreciable storag;e of food mate.ri.als (27). 
Gossard (13) found that nitrogen was used to a great extent in the 
manu:facture of foods that are used in the. growth of stems and leaves 9 
while less: nitrogen and a higher proportion of c.a:rbohydra.tes was t1.se.d 
in the formation of flower buds and nuts. Either too much or too little 
nitrogen reduced the amount of flower bud formation. Maximum nut pro-
duction in any one year usually depletes the food reserves to such a low 
level that little, if any~ pistillate flowering occurs the following 
year (13). 
The time of application of fertilizer and the time when nutrient 
materials become available from decaying cover crops often determines 
the time when shoot growth is most rapid (27). This in turn affects 
the manufacture of foods used in filline nuts: and building up .food re-
serves~ and so it influences the regularity of bearing. 
Crane (5) stated that the soils of the pecan belt are generally 
low in organic matter and nitrogen, and stressed the importance of re-
turning to the soil the greatest possible tonnage of organic m.atter 
each year. 
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Carbon is one of the nutrient elements recognized as essential to 
plant life. I.t is utilized by plants in the form of the oxide, co 2 , or 
as the bicarbonate ion, Hco3- (26). Its value to the growing plant is 
directly related to its use in photosynthesis. A plant utilizing the 
· energy of· sunlight by means of chlorophyll converts carbon and water 
first to a simple sugar, sucrose, . and then to other compounds utilized 
in its normal metabolism (26). 
· Wittwer and Robb (31 )· speculated t.hat in the pri.rnordial world the 
CO 2 concentration in the atmosphere was 10 to 100 times that of today. 
Plants then grew rapidly and through photosynthesis fixed most of the 
co 2 • It was laid down.as oil, gas, coal and in beds of carbonate. 
Finally~ the equilibrium of today arrived •. Now plant. growth is rest:dc-
ted because the supply of co 2 is limiting • 
. Studies of the co 2 content of the air have been published over the 
last 200 years •. "Ordinary" air contains approximately O .03 percent 
co 2 , or 3 parts in 10,000 by volume (31). The opti@al co 2 content of 
the air for photosynthesis is far above the usual atmospheric content 
(20). As reported by Chapman, Gleason and Loomis (2),.DeSaussure showed 
diurnal variations in the co 2 content of field air as early as 1816, 
and interpreted them as due principally to photosynthesis and respira-
tion. Chapman~ Gleason and Loomis (2) showed a build-up of co 2 near 
the ground on. still nights due to respiration of plants and soil 
organisms. They also found a daytime drop.in co 2 concentrations to a 
low of about 25 percent below··"normal" just after noon. 
Norman (25) pointed out that a crop of corn which will yield 100 
bushels per acre requires 20,000 pounds of co 2 ~ Thus at the "normal 11 
co 2 atmosphere level the plant must process 33,500 tons of air to 
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procure 2 3/4 tons of carbon for the crop. Terrestial plants use ap-
proximate.ly 15 billion tons of CO 2 per year from the atmosphere (25). 
In land plants the atmosphere is the only important source of CO 2 (23). 
Carbon dioxide released in respiration may be utilized in photosynthesis 
without ever leaving the plant, but under conditions favorable for pho-
tosynthesis this does not constitute a very large fraction of the total 
used (23). 
All of the co 2 use.d by green plants reaches the ch.101:opbsts as 
'' 
dissolved CO 2 ., carbonic acid, or one of the salts of the latter (23). 
The rate of entrance of co 2 through the stomates is largely in propor· .. 
tion to the. aggregate area of the stomatal pores, diffusing through the 
stomates at a ra.te appro:x.imately fifty times as :fast as i.t. d:Ufuses in~ 
to an efficient absorbing surface (23). The supply of CO 2 to the plant 
from the atmosphere is dependent upon its level at the cell surface 
within the stomatal cavity (17). 
A considerable part of the co 2 utilized by plants in many habitats 
may be released locally as a result of insoil respiration, 11 i.e. 1 in the 
respiration of soil microorganisms (23). Such a release of co 2 is 
especially pronounced in well fertilized soils, soils rich in organic 
matter, and many forest soils (23, 10). 
The rate of photosynthesis is directly influenced by concentration 
of co 2, however, other factors such as light, also impose a direct ef-
fect. Light requirement for maximum photosynthesis is increased by 
increasing the co 2 level (31). Higher levels of CO 2 will partially 
compensate for a lack of sunlight in midwinter production of greenhouse 
crops (3). Chapman and Loomi.s (3) have shown that photosynthesis varies 
directly with the CO 2 concentration at. levels present in the field. As 
co 2 levels are increased, photosynthesis becomes more temperature 
sensitive (11). Mortimer (24) found in beans, sugar beets and barley 
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that increasing the co 2 level from 0.25 to 2.0 percent favored the con-
version of assimilated c14o2 into sucrose rather than serine and gly-
cine. 
Wittwer and Robb (31) suggested that co 2 levels in plant fl;rowing 
atmospheres in greenhouses maintained substanti.ally above the "normal 11 
should favor growth. In the review of Wittwer and Robb (31), Brown and 
Escombe in 1902 had ne.gative results in a series of experiments con-
ducted on plants when co 2 was supplied at a concentration of approxi-
mately 1100 ppm. There was downward curling of the leaves, inhibition 
of flowering and abortion of buds. They concluded that an increase of 
co 2 of only 2 to 3 times the normal would result in the "speedy destruc= 
tion of nearly all flowering. plants. 11 In the review of Wittwer and 
Robb (31), Demoussy attributed the results of Brown and Escombe · to 
impurities in the co 2 and secured results from CO 2 enrichment at 1500 
ppm of up to 262 percent increase in plant weight. 
Cummings and Jones (6) in 1918 reported the first experiments in 
the United States on plants enriched with CO 2• They secured an increase 
in yields of pods and seeds in peas and beans. No details were given 
on CO 2 levels. Early work was hampered by frequent toxic impurities in 
the products of combustion exhausted into the plant growing structures. 
Fuller (10) has pointed out that within forests, on grasslands and 
in riverbottoms CO 2 concentrations at or near the soil level may be. two 
to three times above the "normal." Levels of CO 2 over muck soils are 
also higher and may account, in part, for the high yielding potential 
of such areas (16). 
Wittwer and Robb (31) conducted the first detailed research with 
enriched levels of CO 2 applied to greenhouse-grown food crops in the 
·United. States. Average yield increases, expressed as fresh weights, 
11 
. approximated 70 percent for the 1963 winter crop of 3 varieties of leaf 
lettuce. Yields of marketable fruit during the first 110 days of har-
vest for nine tomato varieties sh.owed an average increase. of 43 :percent . 
for enriched co 2 (800 to 2,000 ppm) over the control plots (125 to 500 
ppm). Reproduc.ti.ve development as well as ve.getative · growth was accel-
erated. During the fi.rst 60 days of growth of two varieties of cucum-· 
bers the number of pi.still.ate flowers on plants in CO 2 e.nriched plots 
was approximately double the number produced on plants in check treat= 
ments. 
Rose plants grown in an enriched (1,200 to 2,000 ppm) CO 2 atmos-
phere for two years averaged 8.0 roses per plant during a .3 month 
period (January through March)~ while control plants averaged 5.0 roses 
( 21) 0 
Goldsberry (12) found an increase in product.ion of dry matter of 
carnations when the co 2 concentration was increased from 200 to 550 
ppm. The 550 ppm level showed slightly greater yields· and earlier pro-
duct.ion. 
Higher yields and better quality crops from the use of extra CO 2 
confirm the long recognized value of animal manures and organic mulches 
since t.hese materials provide a natural source of co 2• 
CHAPTER III 
METHODS AND MA'XERIALS 
Stuart pecan trees planted in the spring of 1961 on the Pecan Re-
search Experiment Station near Sparks, Oklahoma were used in the tests. 
Ten trees were selected and paired as closely as possible for each 
treatment with reference to uniformity in size, vigor and rootstock. 
In treatment 1 the trees were grafted on Niblack seedling rootstock, in 
treatment 2 they were grafted on Indiana seedling rootstock, in treat-
ment 3 they were grafted on Mahan seedling rootstock, in treatment 4 
they were grafted on Hayes seedling rootstock, and in treatment 5, one 
tree was grafted on Dodd seedling rootstock and the other was grafted 
on an unknown seedling rootstock. 
Two identical structures were used.in each treatment to control 
air movement and limit gas diffusion. Each four-sided structure con-
sisted of 2 inch by 2 inch pine frames 10 feet by 10 feet square.and 
14 feet high, lightly braced and covered with 4 mil polyet!ty:lene .f:i'.lm,._ 
The structure could be quickly assembled.around each test tree. There 
was a 2 foot open space·left at the bottom of the structure·for venti-
lation. Panel frames constructed with 2 inch by 2.inch pine, 2 feet 
by 10 feet in size and covered with plastic, were used to adjust the 
opening in the top of the structure to allow enough air circulation to 
control the temperature and prevent leaf scorch in the trees. Identical 
panels were used at the lower openings to prevent rapid loss of. ~ 2 and 
12 
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thus maintain concentrations. One of the structures is shown in Figure 
1 in place around one of the test trees. 
The co 2 was distributed throughout the tree by using a I,,inde CO 2 
regulator, model RXAH-056P and 50 feet of 1/4 inch plastic tubing which 
was perforated at 6 inch intervals with 1/64 inch holes for 35 feet of 
its length. The plastic tubing was arranged in a spiral coil covering 
the upper 2/3 of the enclosed tree canopy. Liquified CO 2 in cylinders 
containing 50 pounds were used, and were weighed to determine. the amount 
of CO 2 used. Figure 2 shows the distribution arrangement. 
Five treatment dates ·were selected, with the first occurring on 
May 30, 1966, just before catkin fall. Succeeding treatments were 
initiated at l month intervals 9 with the exception of treatment 3, which 
was delayed 4 days by floodwaters from Quapaw Creek which inundated the 
area. 
Carbon dioxide was introduced to the leaf atmosphere of one· tree. 
of each pair from 10:00 A.M. to Lf:00 P.M. for a ten day period while 
the control tree received no additional co 2 • The co 2 concentration o:f 
the tree leaf atmosphere of the tree receiving additional CO 2 was ap-· 
proximately 600 ppm. At the termination of each treatment period, the 
structures and equipment were dismantled and removed. 
Records were obtained on air temperature inside and outside each 
enclosure; rainfall; pounds of CO 2 used; and total hours of introduction 
of co 2 • During periods when analyzing co 2 , cloud cover and wind veloc-
ities were recorded. The analysis of co 2 content was made one day in 
each treatment period per structure and in one tree which had not been 
enclosed. Samples were taken of the air within the tree canopy at 
various locations to determine the uniformity of CO 2 concentration. An 
Fig. 1. View of Plastic Structure in Place 
Around the Tree 
Fig. 2. View of CO 2 Distribution Equipment 
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MSA Universal Tester using co 2 detector tubes No. 85976 was used to 
determine the co 2 _concentrations. Air samples were also collected in 
polyethylene bags and analyzed using a Beckman L/B Infrared Analyzer, 
Model 15A, to check and correlate the MSA kit at the start of the tests. 
At the start of each treatment, 100. current shoots on each tree 
were selected at random and labeled with white 1 inch by 1 1/4 inch 
wat:e·rproof tags using light nylon st:d.ng. Each shoot was measured for 
length of current growth at that time. 
Test trees were s.rown on Port Silt Loam on the southwestern portion 
of the station. No fertilizer was applied. SoU management consisted 
· of clean cultivation during the summe.r months and a cover crop during 
the winter and spring months. Under this system, the trees maintained 
good foliage until the close of the growing season. Low temperatures 
in April delayed development until later than normal. Killing frost oc-
curred on November 1, 1966. 
Nuts were harvested from 8 of the 10 trees in 1966. These were 
analyzed and compared with nuts from 3 additional non-enclosed trees. 
Tagged shoots from each of the ten test trees were measured for 
length and recorded during the winter months. In addition, the diameter 
of each shoot at the base of the new growth and at the fourth node from 
the apex was measured and recorded. 
On April 18, 1967, the number of buds which initiated catkins on 
each shoot.was recorded for all trees in the tests. The number of 
shoots which initiated pistillate flowers was observed and recorded on 
May 3rd and 4th, 1967. Since treatment 5 consisted of different root-
stocks, one additional non-treated tree was observed and pistillate 
flower development was recorded. The enriched tree in treatment 5 
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was &rafted about 3 feet higher than the other treatment trees, and the 
extra tree was also grafted in the same manner. 
CHAPTER IV 
EXPERIMENTAL.RESULTS 
In the investi&ations herein reported, the differences in shoot 
length and shoot diameter response, flowering response and nut quality 
of the pecan to an increased level of co 2 content of the surrounding 
atmosphere for five different periods of the growing season were meas-
ured and evaluated. 
Treatment 1 was started on May .30, 1966, 'but due to d:tffi.culties 
i.n adjusting the regulator• the co2 concentration was not raised to the 
desired level, and the test was continued for 1 additional day. for a 
total of 11 days of co 2 introduction. The first day, 18 pounds of 00 2 
was introduced, and thereafter an average of 23 .6 pounds of CO 2 was 
required to maintain the approximate concentration desired. Treatment 
2 (June 30 to July 9) required 23. 7 5 pounds of co 2 per day for the ten 
day treatment, treatment 3 (August 3 to· August 12) required· 24 .6 pounds 
per day, treatment 4 (August 30 to September 8) required 25.6 pounds 
per day and treatment 5 (September 30 to October 9) required 24.8 
pounds per day to maintain the approximate 600.ppm level. 
Hourly variation of co2 concentrations in each structure for one 
day of each treatment period as well as cloud conditions through the 
day are shown in figures 3 through 7. 
Daily rainfall totals were obtained from May to October from the 
·Pecan Research Station records. Monthly rainfall totals were 1.41 
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Figure 3. Variation in Hourly co2 Concentrations 
Inside the Canopies of the Two Trees 
in Treatment 1 on June 8~ 1966. Cloud 
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Inside the Canopies of the Two ·Trees 
in Treatment 3_on August 4, 1966. 
Cloud conditions are also indicated. 
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inches in May, 1.04 inches in June, 8.20 inches in July,. 9.0 inches in 
August, 3.47 inches in September and Q.53 inches in October. 
Minimum and maximum ai.r temperatures for the· period of each test 
inside. and outside each structure. are reported in Table 1. No substan-
tial differences occurred. 
Growth Response 
Growth response to CO 2 enrichment as shown by·increase·in current 
shoot length during the remainder of the growing season is recorded in 
Table II. Substantial. variation occurre.d only in treatment 2, while 
response in the'other treatments varied and differences were small. 
Minor differences were also noted in the amount of secondary or late 
growth, but no trend was apparent. 
Growth response to CO 2 enrichment was also expressed as mean stem 
diameters recorded at the base of the current shoot and at the fourth 
node from the apex (Table·III). No substantial differences were appar-
ent, but the largest increase in di amt er was shown by treatment 2. 
Growth response to co 2 enrichment as indicated by the average num-
ber of terminal area shoots forced in the spring of 1967 per 1966 shoot 
is recorded in Table IV. Again, no growth trend was evident. 
Flower Response 
Pistillate flower initiation was enhanced in all treatments. The 
data as shown in Tables V and VI indicates a substantial increase in 
pistillate flower initiation for co 2 enrichment over that of the paired, 
non-enriched tree in treatment 5 (September 30 to October 9), and 
smaller increases for each of the other four treatments. Vith the 
l. 
2. 
3. 
4. 
5. 
1. 
2. 
3. 
4. 
5. 
TABLE I 
A COMPARISON OF THE MINIMUM AND MAXIMUM TEMPERATURES INSIDE 
EACH ENCLOSURE AND OF THE OUTSIDE AIR DURING FIVE 
PERIODS•OF CO2 ENRICHMENT AT THE PECAN RESEARCH 
EXPERIMENT STATION, SPARKS, OKLAHOMA IN 1966 
Temeeratures · in Degrees Farenheit 
Date·of Enriched Non-Enriched 
22 
Treatment Enclosure Enc lo sure Outside Air 
Low High Low High · Low High 
5/30 to 6/9 56 93 57 96 56 94 
6/30 to 7 /9 65 103 65 103 65 101 
8/3 to 8/12 63 98 61 97 60 96 
8/30 to 9/8 59 91 57 90 53 90 
9/30 to 10/9 38 90 39 88 37 90 
TABLE II 
A COMPARISON OF THE EFFECTS OF COz ENRICHMENT OF STUART PECAN TREES 
AT FIVE PERIODS OF THE. GROWING. SEASON ON CURRENT SHOOT LENGTH 
Date of Average Increase in Shoot Length 
Treatment Enriched Non-Enriched 
5/30 to 6/9 4.524 inches 4.426 inches 
6/30 to 7 /9 2.269 • 625 
8/3 to 8/12 .566 .700 
8/30 to 9/8 .370 
.343 
9/30 to 10/9 • 257 .327 
1. 
2. 
3. 
4. 
5. 
1. 
2. 
3. 
4. 
s. 
TABLE III 
A COMPARISON .OF THE EFFECTS OF CO 2 ENRICHMENT OF STUART PECAN TREES 
AT FIVE PERIODS OF THE GROWING SEASON ON THE AVERAGE 
DIAMETER OF CURRENT SEASON GROW'rH 
Average Stem Diameter 
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Date of At Base Between 4th and 5th Node 
. Treatment Enriched Non-Enriched Enriched Non-Enriched 
5/30 to 6/9 .816cm .858cm .L167cm .472cm 
6/30 to 7 /9 .977 .877 .542 .488 
8/3 to 8/12 . .878 .934 .506 .491 
8/30 to 9/8 .951 .959 .497 .502 
9/30 to 10/9 .878 .909 .54,3 .552 
TABLE ,IV 
A COMPARISON OF THE EFFECTS OF COz ENRICHMENT OF STUART PECAN TREES 
AT FIVE PERIODS OF TRE.GROWING SEASON ON THE AVERAGE NUMBER 
OF TERMINAL AREA SHOOTS FORCED THE FOLLOWING YEAR 
Date of Average Number of Shoots Forced Per Terminal 
Treatment Enriched Non-Epriched 
5/30 to 6/9 2.46 2.50 
6/30 to 7 /9 2.87 2.61 
8/3 to 8/12 2.34 2.55 
8/30 to 9/8 2.62 2.58 
9/30 to 10/9 2.34 2. 72 
1. 
2. 
3. 
4. 
5. 
1 .• 
2. 
3. 
4. 
,5. 
TABLE V 
A .COMPARISON OF THE EFFECTS OF COz EijRICHMENT OF STUART PECAN.TREES 
AT FIVE PERIODS OF THE GROWING SEASON·ON THE PERCENT'OF 1966 
SHOOTS PRODUCING'PISTILLATE FLOWERS IN·l967 
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.Percent of 1966 Shoots Producing Pistillate Flowers 
Date of Enriched Non-Enriched Non-Enriched 
Treatment Non-Enclosed 
5/30 to 6/9 15.05 9.46 
6/30 to 7 /9 3.05 .o 
8/3 to 8/12 10.75 4.12 
8/30 to 9/8 15.96 .o 
9/30 to 10/9 .32. 64 3.06 12.00 
TABLE VI 
A COMPARISON OF THE EFFECTS OF COz ENRIC:fil1ENT OF STUART PECAN TREES 
AT FIVE PERIODS OF THE GROWING SEASON ON THE PER.CENT OF 
NEW SHOOTS PRODUCING PISTILLATE.FLOWERS IN 1967 
Percent of· New Shoots Producing Pistillate Flowers 
Date of Enriched Non-Enriched Non-Enriched 
Treatment Non,-, Enclosed 
5/30 to .:6/9 7.80 5.12 
6/30 to 7 /9 1.23 .o 
8/3 to 8/12 4.93 2.06 
8/30 to 9/8 7.55 .o 
9/30 to 10/9 20.30 1.25 4.30 
I 
exception of treatment 1, each of the following treatments showed a 
gain in pistillate flower initiation over the preceding treatment ( s). 
Two of the non-enriched trees, those in treatments 2 and 4, initiated 
no pistillate flowers on the tagged shoots. 
25 
Pistillate flower initiation on an extra non-enriched, non-enclosed 
tree which was grafted in a similar manner to the enriched but enclosed 
tree of treatment 5 is also recorded in Tables V and VI. This tree had 
a higher pistillate flower initiation percent than the non-enriched 
tree. of treatment .5, but did not approach the pe.rcent of pistillate 
flower initiation of the enriched tree in this treatment. 
Catkin flowe.r bud initiation and deve.lopment wa.s also affected by 
CO 2 enrichment. This response is shown i.n figures 8 through 12 and i.n 
Table VII. The average number of catkin buds forced per shoot on April 
18, 1967, was greater in all treatments, but especially so in treatments 
1, 2, 4 and 5. Treatment 3 showed only a small gain in catkin forma-
tion. Carbon dioxide addition did not change the shoot length range on 
which catkin initiation occurred. 
Catkin growth as well as foliage apparently was stimulated by co 2 
enrichment. Catkin size was observed to be larger and catkin emergence 
was earlier on enriched trees in all five treatments. Foliage was ob-
served to be heavier in the spring of 1967 in treatments l, 2, and 3 
on the CO 2 enriched trees. 
Nut Quality Response 
Quality of the nuts produced on the test trees in 1966 was rela-
tively poor due to the short growing season, but considerable variation 
did occur among the eight trees in the tests from which pecans were 
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1. 
2. 
3. 
4. 
5. 
TABLE VII 
A COMPARISON OF THE EFFECTS OF CO2 ENRICHMENT OF S'.I'UAR'I' PECAN TREES 
AT FIVE PERIODS OF THE GROWING.SEASON ON THE.AVERAGE 
NUMBER OF CATKINS PER SHOOT ON APRIL 18, 1967 
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Date of Average Number of Catkins Per Shoot 
Treatment Enriched Non-Enriched 
5/30 to 6/9 6.94 4.64 
6/30 to 7 /9 4.80 1.92 
8/3 to 8/12 5.30 5.15 
8/30 to 9/8 7. 20 4. 20 
9/30 to 10/9 7.18 4.61 
harvested. Results of the analysis and evaluation of nut quality are 
given in Table VIII. Quality of the pecans from co 2 enriched trees 
30 
was generally better than that of the non-enriched trees with the ex-
ception of treatment 5. A rating scale varying from 1, for low quality 9 
to 5~ for good quality~ was used to rate both external appearance of the 
shell and quality of the. pecan meat. 
Size of nuts produced on the test trees did not vary consistently 
between treatments, but shell thickness was· less for nuts produced on 
co 2 enriche.d trees in all five treatments. Since no nuts were harvested 
from two of the non-enriched~ enclosed trees~ nuts from three non.-
enclosed, non-enriched nearby trees were evaluated for comparison in 
these treatments. Inshell nut siz,e was de.ter.mined by water displace= 
ment in ml. and shell thickness was measured at the same location on 
each nut :in inche.s using a micrometer. 
TABLE VIII 
A COMPARISON OF THE EFFECTS OF CO 2 ENRICHMENT OF STUART PEC=A.1i! TREES AT FIVE PERIODS 
OF THE GROWING SEASON ON THE NUT QUALITY OF THE CUR.R.Kl'J;T CROP 
Date of External Kerne lb Kernel Average Nut Size Average Number Shell Thickness 
Treatment Appearance a Quality Percent Displacement in ml Nuts Per Pound in Inches 
1. 5/30 to 6/9 
Enriched 3.8 2.8 46.1 10.6 52.9 .0431 
Non-enriched 2.9 2.0 43.7 11.2 61.9 .0436 
2. 6/30 to 7 /9 
Enriched 3.3 1.8 44.6 10.3 71.9 .0431 
Non- enriched 
3. 8/3 to 8/12 
Enriched 3.9 2.9 48.6 10.9 57.6 .0433 
Non-enriched 3.3 2.0 43.8 10.7 64.2 .• 0437 
4. 8/30 to 9/8 
Enriched 3.7 2.3 46.8 12 •. 0 58.6 .0433 
Non-enriched 2.7 1.4 35. 2 11.3 60.9 .0436 
s. 9/30 to 10/9 
Enriched 3.5 1.5 37.2 11.9 60.0 .0439 
Non- enriched 
Average 3 non-
enclosed trees 3.2 1.8 43.6 11.8 60.8 .0441 
aExternal appearance rated l (poor) to 5 (excellent) 
bKernel qu~lity rated 1 (poor) to 5 (excellent) 
w 
!-' 
CHAPTER V 
DISCUSSION .AND CONCLUSIONS 
.The results of this study indicate that short periods of atmos-
. pheric CO 2 . enrichment at various periods of the· growing· season can en• 
hance flowering of the pecan the following year, This result is in 
general agreement with work done on greenhouse floral crops by Lindstrom 
(21) and Goldsberry (12), and with greenhouse ·vegetable eJcperiments 
•conducted by Wittwer and Robb (31). 
Growth response to co 2 enrichment expressed as increased stem di= 
ameter and increased shoot growth was not evident in this study, as 
shown by Tables II and III. It is believed that carbohydrates synthe-
sized during the enrichment period were stored as such and not con-
verted to amino acids. This· postulation would be· indicated by both the 
lack of growth response and the flowering response of the trees, and in 
general agrees with the work done by Smith and Waugh (28). 
Response of the shoot mean diameters to the short periods of co 2 
enrichment did not indicate sufficient storage of carbohydrates to 
cause a consistent increase in diameters. No consistent increase was 
found in the number of terminal shoots forced in 1967, but evidently 
enough carbohydrates were stored to increase the vigor of 1967 shoot 
growth and catkin flower formation during. the CO 2 enrichment periods• of 
treatments 1, 2 and 3. 
32 
Tables V and VI indicate an increase-in pistillate flower initi-
ation for all treatments, with a large increase from the September 30 
33 
to October 9 period of co 2 addition. This result correlates: closely 
with Hinrichs' observations on defoliation, in that carbohydrate storage 
·must occur after September 15 in order for pistillate initiation to 
occur ( 15). Variations· in the number of pistillate· flowers between the 
earlier treatments may be due, in part, to differences in earliness of 
maturity of the cliff erent roots tocks upon which the pairs: of trees were 
grafted. The consistency of variations between trees-of a treatment 
would tend to indicate that the co 2 enrichment period~ even in the 
earlier treatments, had some-residual effect upon carbohydrate storage 
and.consequent pistillate flower initiation. 
That pistillate flower initiation is affected by the height of 
graft placement is indicated by the results•of treatment 5, in that the 
extra non-enriched, non-enclosed tree which was grafted about 3 feet 
above the ground level had more pistillate flower initiation than the 
enclosed, non-enriched tree which was grafted at ground level. This 
effect of earlier maturity for the higher grafted trees does not account 
for the much larger increase in pistillate flower initiation on the co 2 
enriched tree which was also grafted high. 
Two separate effects are shown by CO 2 addition as it affects cat-
kin bud initiation and subsequent development. Table VII indicates an 
increase in catkin flower development from both early and late periods 
of co 2 enrichment. It is believed that the early response ·of treat-
ments 1 and 2 represent enhanced catkin bud initiation, since these 
treatments occurred shortly after the· catkin buds were formed. However, 
treatments 4 and 5 also increased catkin flower development, probably 
due to increased carbohydrate reserves which stimulated growth from a 
larger number of previously initiated catkin buds (Figures 8 to 12). 
This effect is also evident by the increased size and earlier growth 
of catkins on co 2 enriched trees. 
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Nut quality was generally enhanced by all co 2 enrichment periods 
except treatment 5. The enhancement was probably due to increased car-
bohydrate ,reserves available for filling. the nuts. The decrease. in 
quality and maturity of the co 2 enriched nuts· from the September 30 
treatment may be due in part to the ·unusual amounts of rainfall duril').g 
July and August coupled with more nominal rains in September, and, in 
part to added reserves· of carbohydrates, both of which mi.ght contribute 
to keeping the tree actively vegetative later than normal. Hence more 
of the carbohydrates were utilized in growth and less in filling the 
nuts. 
There is a direct relationship between light intensity and co 2 
absorption and utilization. This effect is shown in Figures.!, 3, 4 9 
and 5 by the decreased co 2 utilization du.ring cloudy periods. During 
periods of clear weather, light intensity was such that the require-
ments for co 2 by the tree exceeded the capacity of the co 2 regulator, 
and consequently co 2 concentrations could not be maintained at the 600 
ppm level •. 
This work strongly indicates that if CO 2 enrichment can be effected 
in the tree leaf atmosphere of the pecan during late September and early 
October, enhancement of pistillate flowering the following spring can 
. be expected. There appears· to be a need for investigating the. effec-
tiveness of cultural methods such as mulching and green manuring on 
35 
increasing the co 2 concentration in the field before any recommendations 
can be made to growers. 
CHAPTER VI 
SUMMARY 
Carbon. dioxide enrichment of the leaf atmosphere of one.tree in 
each of five pairs of young Stuart pecan trees was effected at fi·ve 
periods during the·l966·growing season at the Pecan Research Station 
near· Sparks, Oklahoma. 
The objectives of this study were to determine: (1) the· effect of 
CO 2 enrichment upon the number of pecan pistillate and catkin flowers 
initiated and developed, (2) the effect of CO 2 enrichment on current 
shoot growth· of the pecan and (3) the optimum period for co2 enrichment 
in relation to flower formation in the pecan. 
Results of this study indicate: 
(1) Pistillate flower initiation was enhanced for each tree in 
which. the CO 2 leaf atmosphere was enriched for a ten day period. 
(2) Catkin flower formation and development was increased for 
each tree.in which the co 2 leaf atmosphere was enriched for a ten day 
period. 
(3) The number of terminal shoots forced the following year was 
not shown to be affected by co 2 enrichment. 
(4) Diameters of the current growth were not affected consistently 
by co2 enrichment. 
(5) Current shoot elongation did not respond consistently to co 2 
enrichment. 
36 
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(6) The optimum period for pistiHate flower initiation occurred 
.in treatment 5 (September 30 to October 9). 
(7) Nuts occurring on the trees during CO 2 enrichment periods 
were of better quality on the earlier treatments, but quality was lower 
in treatment 5. 
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